This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR S[DES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



esp@cenet document view 



Pdgina 1 de 1 



A process for the production of a granule-shaped composition comprising agricult 
chemical compound. 



Patent number: 
Publication date: 
Inventor: 



Applicant: 

Classification: 
- international: 



EP0255760 
1988-02-10 

KOBAYASHI TOSHIYUKI; IWASAKI TETSUJI; KATABE KENICHI; 
MATSUMOTO TADAO; SAKURAI SHINJI; TAKEDA NOBUO; WATANABE 
SUZUO; SUNAZUKA KENSUKE; UOMOTO KATSUHITO 
KAO CORP (JP); MEIJI SEIKA KAISHA (JP) 



A01N25/14; B01D1/18; B01J13/02 
-european: A01N25/12; A01N25/14; B01D1/18 

Application number: EP19870305852 19870701 
Priority number(s): JP19860154107 19860702 



Also published as 

■53 JP630107) 
'55 EP025576 



Cited documents: 

EP014150 
EP001450 
GB211894 
FR202521 
FR203031 
more » 



Abstract of EP0255760 

A granule-shaped composition containing an agricultural chemical compound and a high proportion of an anioni 
surface-active agent of selected types in an effective amount to enhance the useful biological activity of said 
agricultural chemical compound may readily be produced by a process wherein a concentrated aqueous solutio 
slurry containing said agricultural chemical compound and the anionic surface-active agent at selected ratios, as 
as one or more optional additives such as a solid vehicle or water-soluble extender is atomized by means of a s 
nozzle of specified outlet orifice diameter and is spray-dried in a spray-drying tower chamber according to a cou 
current flow spray-drying method in a specially stipulated manner and under specially selected conditions of 
operation. The granule-shaped composition so produced has a substantially hollow space within each substanti 
spherical granule and shows high free-flowing property; favorable collapsibility or disintegrability into water, and 
favorable solubility or dispersibiiity in water. 
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@ A granule-shaped composition containing an agricultural 
chemical compound and a high proportion of an anionic 
surface-active agent of selected types in an effective amount to 
enhance the useful biological activity of said agricultural 
chemical compound may readily be produced by a process 
wherein a concentrated aqueous solution or slurry containing 
said agricultural chemical compound and the anionic surface- 
active agent at selected ratios, as well as one or more optional 
additives such as a solid vehicle or water-soluble extender is 
atomized by means of a spray nozzle of specified outlet orifice 
diameter and is spray-dried in a spray-drying tower chamber 
according to a counter-current flow spray-drying method in a 
specially stipulated manner and under specially selected 
conditions of operation. The granule-shaped composition so 
produced has a substantially hollow space within each 
substantially spherical granule and shows high free-flowing 
property, favorable collapsibility or dlsfntegrabiflty into water, 



and favorable solubility or dispersibflity in water. 
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Description 

A PROCESS FOR THE PRODUCTION OF A GRANULE-SHAPED COMPOSITION COMPRISING 
AGRICULTURAL CHEMICAL COMPOUND 

This Invention relates to a process for the production of a granular composition or formulation containing an 

5 agricultural chemical. More particularly, this invention relates to a process for the production of a 
granule-shaped composition or formulation comprising an agricultural chemical compound as the active 
ingredient, in association with an effective amount of at least one anionic surface-active agent to act as agent 
for enhancing the intended useful biological activity of the agricultural chemical compound. 
Different Kinds of agricultural chemicals, including insecticide, fungicide, bactericide, herbicide, acariclde, 

10 plant growth regulator, Insect attractant, Insect repellent and seed disinfectant have been formulation into and 
applied in various forms such as concentrated emulsifiable solution, emulsion, wettable powder, flowable 
powder, grain, granule, water-soluble granule and the like. Among these, the wettable powder and 
water-soluble granule are found to be advantageous formulations owing to their favorable storage life of the 
formulation, their low costs of production, their tendency to invoke no or little environmental pollution and their 

15 tendency to involve no or little phyto-toxlctty to crop plants. 

While, In order to ensure that the intended useful biological activity of the agricultural chemical compound 
present as the principal, active ingredient in the agricultural compositions is allowed to manifest to Its full 
extent some research and tests have been made about Incorporation of various kinds of surface-active 
agents Into the agricultural chemical compositions so that the surface-active agent incorporated can act as 

20 agent or adjuvant for enhancing the intended useful biological activity of the agricultural chemical compound 
as the principal active ingredient of the composition. In recent years, further exploitation of new and 
practicable agricultural chemical compounds becomes more difficult as a prevailing situation. Accordingly, it is 
greatly significant that the useful biological activity of the conventionalor existing known agricultural chemical 
compounds can be enhanced by Incorporation of a surface-active agent of some selected types Into the 

25 agricultural chemical compositions. 

However, when such wettable powder or water-soluble granule formulation comprising a combination of an 
agricultural chemical compound as the principal active ingredient and a high proportion of a surface-active 
agent in its effective and sufficient amount which will permit the surface-active agent to act to enhance or 
increase the intended useful biological activity of said agricultural chemical compound Is to be prepared, It has 

30 usually been experienced that the wettable powder product or water-soluble granule product having 

satisfactory properties cannot be obtained if it Is prepared either according to such conventional mix-grind ♦ 
methods where the components of the compositions for formulating the above-mentioned wettable powder or 
water-soluble granule are mixed and ground together; or according to such known granulation method where 
the components of the composition are mixed together.and granulated by means of a conventional granulator; t 

35 or according to such known co-current flow spray-drying methods (as disclosed in many literatures, including 
Example I of Japanese patent application first publication "Kokai" No. 64904/85 where an aqueous suspension 
containing a certain fungicide and a certain high-molecular dispersant is atomized and spray-dried wfthin a 
co-current flow of a hot gas in a co-current flow spray drier) . Thus, when a wettable powder or a water-soluble 
granule formulation is Intended to be produced by mixing an agricultural chemical compound as the principal 

40 active ingredient, and a high proportion of a surface-active agent in Its amount effective and sufficient to 
enhance the useful biological activity of said agricultural chemical compound, with a volume of water and then 
shaping the resulting aqueous mixture into granules by means of a conventional granulator device, it has 
always been experienced that there occur some difficulties such that the granulation method can become 
difficult to be achieved due to excessive foaming of said aqueous mixture, and that the granular products as 

45 prepared, even if they can be produced by means of the granulator, as well as the granular products as 
produced by the co-current flow spray-drying method can show disadvantageous properties such that the 
cohestveness of grannie or the coliapsibiiity or disintegrabilrty of granule to disperse into water is poor; the 
solubility of granule Into water is poor; the dsperslbilrty of granule into water is poor; and the tendency of 
granule to drift or generate very much fine dust Is undesirably developed. 

50 In an attempt to eliminate the above-mentioned difficulties, we, the present inventors, have made extensive 
researches. As a result, we have now found that such granular composition or formulation being free from the 
aforesaid disadvantageous properties but having excellent and satisfactory properties can be prepared even 
with using an agricultural chemical compound in association with a high proportion of a variety of 
surface-active agents in an amount effective to enhance the useful biological activity of the agricultural 

55 chemical compound, when a concentrated aqueous solution or aqueous slurry containing the agricultural 
chemical compound and an anionic surface-active agent of some selected types is prepared and then 
atomized and spray-dried according to a counter-current flow spray-drying technique in the particular manner 
as described hereinafter and under the particular conditions of operation as described hereinafter. This 
invention has thus been accomplished. 

60 On the other hand, we have been well aware of that general techniques for the production of solid granules 
from a variety of materials according to the co-current flow spray-drying method or according to the 
counter-current flow spray-drying method are described in many literatures, including the "Chemical And 
Process Engineering Series. Spray Drying'' by K. Masters, published from Leonard Hill Books London, An 
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Intertext Publisher (1972). for example. According to this invention there is a process for the production of a 
granule-shaped composition including an agricultural chemical compound characterised by drying in a reactor 
a concentrated aqueous solution or an aqueous slurry, including the agricultural chemical compound as an 
active ingredient, at least one anionic surface-active agent and, optionally, one or more additives depending on 
the form or type of composition to be produced, the weight ratio of agricultural chemical compound to anionic 5 
surface-active agent being in the range 1:0.5 to 1:20, the anionic surface-active agent being a sulphate type, 
sulphonate type, phosphate type or a carboxylic acid type, the drying being effected by spraying into an upper 
part or top of the reactor at a pressure of between 5 kg/cm 2 and 250 kg/cm 2 the concentrated aqueous 
solution or aqueous slurry through spraying means having an outlet orifice with a diameter In the range of 0.4 
mm to 2.0 mm into an upward and continuously-flowing gas stream whose temperature at its inlet is in the 10 
range 150° C to 300° C the gas stream being continuously withdrawn from the upper part or top of the reactor 
and, by controlling the rate of supply of gas and the rate of spraying of solution or slurry the gas temperature is 
in the range 60°C to 120° C at its coolest portion, so that dried, non-sticky solid particles are formed having a 
substantially hollow interior, the particles comprising the agricultural chemical compound, at least one of the 
anionic surface-active agents and, optionally, one or more additives, and said particles are removed from the 15 
reactor. 

In a more specific embodiment, there is provided a process for the production of a granule-shaped 
composition comprising an agricultural chemical compound and an effective amount of at least one anionic 
surface-active agent to enhance the biological activity of the agricultural chemical compound, said 
granule-shaped composition having high free-flowing property, favorable coheslveness. favorable collapsi- 20 
bility and favorable solubility or dispersibility in water and low tendency to drift in air, which process comprises 
(i) spray-drying a concentrated aqueous solution or an aqueous slurry containing (a) the agricultural chemical 
compound as the active Ingredient of the granule-shaped composition to be produced, (b) one or more of 
anionic surface-active agents of the sulfate type, the sulfonate type, the phosphate type or the carboxylic acid 
type, and (c) one or more of optional additives or vehicle which may, if desired, be incorporated into the 25 
composition optionally depending on the form or type of the composition to be produced ; and containing sajd 
agricultural chemical compound as the active ingredient and said anionic surface-active agent in the aqueous 
solution or slurry at a ratio of the amount of (a) the agricultural chemical compound to the amount of (b) the 
anionic surface-active agent in a range of 1:0.5 to 1:20 by weight, according to counter-current flow 
spray-drying method, in a tower chamber fitted with inlets for supply of a hot gas positioned in the lower part of 30 
the tower chamber, fitted with outlets for effecting withdrawal of the gas leaving the tower chamber and 
positioned In the upper part or in the top of the tower chamber, fitted with a spray nozzle having an outlet 
orifice of 0.5-4.0 mm in diameter, for spraying a liquid fluid into the tower chamber and positioned in the upper 
part or in the top of the tower chamber and also fitted with an outlet positioned in the bottom of the tower 
chamber and for removal of the dried granule product having fallen through the middle part and the lower part 35 
of said tower chamber down to and having accumulated on and above the bottom of said tower chamber, 
wherein the counter-current flow spray-drying step of said aqueous solution or slurry is conducted in such 
manner that a hot gas is continuously passed into the tower chamber through said inlets for supply of the hot 
gas, to form a continuous and upwards-flowing stream of the hot gas in the middle part and the upper part of 
the tower chamber, while the gas stream is continuously withdrawn out of the tower chamber through said 40 
outlets for withdrawal of the gas at the upper part or the top of the tower chamber, and that the concentrated 
aqueous solution or slurry to be spray-dried is fed into said spray nozzle in the tower chamber and 
continuously atomized by being sprayed out through the outlet orifice of the spray nozzle downwards Into 
within the upwards-flowing stream of the hot gas in the upper part of the tower chamber, under a spraying 
pressure of 5 to 250 Kg/cm 2 as measured at the back end orifice of the spray nozzle at which the concentrated 45 
aqueous solution or slurry is passed Into the nozzle, whereby numerous fine liquid droplets of said aqueous 
solution or slurry as atomized are formed within the upwards-flowing hot gas stream; and In such manner that 
the fine liquid droplets so formed are allowed to fail down at low speed within the upwards-flowing stream of 
the hot gas continuously ascending through the tower chamber, and thus the falling fine liquid droplets are 
each heated by the upwards-flowing hot gas to evaporate a part of the water content off out of the liquid 50 
droplets and to form the liquid droplets of which the outer surfaces have been dried and shrinked and of which 
the particle size has been decreased less than the initial particle size of the liquid droplets just after the 
atomization, and also in such manner that the liquid droplets having the so dried and shrinked surfaces are 
further allowed to continue to fall down within the upwards-flowing stream of the hot gas and to be further 
heated and p undergo further evaporation of the water content out of the falling liquid droplets, until an interior 55 
hollow space is formed in each of the falling droplets and the falling droplets have all been dried completely to 
form such inflated, dried and non-sticky solid granules each having an interior hallow space and having a 
particle size larger than that of the liquid droplets as initially atomized, while such Inflated and dried solid 
granules so formed are further falling down within the upwards-flowing stream of the hot gas; and wherein the 
counter-current flow spray-drying step of said aqueous solution or slurry is conducted under such conditions 60 
that the Inlet temperature of the supplied hot gas as measured at the inlet orifice for supply of the hot gas into 
the lower part of the tower chamber is kept in a range of 150° C to 300°C and that the rate of the supply of the 
hot gas from the inlet for supply of the hot gas into the tower chamber and the rate of the spraying of the 
aqueous solution or slurry from the spray nozzle are so controlled mutually with each other that the outlet 
temperature of the leaving gas as withdrawn from the upper part or the top of the tower chamber is kept in a 65 
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range of 60° C to 120° C, and (II) allowing the resulting dried and non-sticky solid granules to come towards the 
bottom of the tower chamber and accumulate on and above the bottom of the tower chamber, and (Hi) 
discharging out the so accumulated and dried solid granules composed of the agricultural chemical 
compound, the anionic surface-active agent and the optional additive or vehicle, through said , outlet for 
5 removal of the dried granule product at the bottom of the tower chamber. 

. The agricultural chemical compound present as the principal active Ingredient In the granular composition or 
formulation as produced according to the process of this invention may be any compound which has a 
biological activity useful as an insecticide, fungicide, bactericide, herbicide, acaricide, plant growth regulator, 
insect attractant, Insect repellent, seed disinfectant, and other known agricultural chemicals. 
10 In the process of this invention, the concentrated aqueous solution or aqueous slurry to be spray-dried may 
contain (a) an agricultural chemical compound at a concentration of 10 to 60% by weight of said chemical 
compound, (b) an anionic surface-active agent at a concentration of 5 to 60% by weight of this agent and (c) a 
finely divided water-insoluble solid vehicle at a concentration of 2 to 60% by weight of this vehicle; or a 
water-soluble extender at a concentration of 2 to 60% by weight of this extender as the optional additive, as 
75 well as water as the balance, and the total concentration of the agricultural chemical compound, the anionic 
surface-active agent and the optional additive in said aqueous solution or aqueous slurry, may be in a range of 
10 to 80% by weight based on the weight of the aqueous solution or slurry, and the ratio of the amount (or the 
concentration) of the agricultural chemical compound to the amount (or the concentration) of the anionic 
surface-active agent may be in a range of 1:0.5 to 1:20 by weight. 
20 If desired, the aqueous solution or slurry to be spray-dried may further contain, as one of the optional 
additives (c), a non-ionic surface-active agent of polyoxyalkylene derivative type for the purpose as explained 
hereinafter, as long as the total concentration of the active ingredient (a), the surface-active agent (b) and the 
additives (c) Is In the range of 10-80% by weight of the solution or slurry. 
The following are exemplary of the known anionic surface-active agents to be used as the ingredient (b) 
25 present in the concentrated aqueous solution or slurry to be spray-dried: 
(f) Sulfate type 
(CB-22)-Alkyl sulfates; 
Polyoxyalkylene (Ce-22)-alkyl ether sulfates ; 
Polyoxyalkylene (C4-1 1 j-alkyl aryl ether sulfates; 
30 and 

Polyoxyalkylene styrenated phenol ether sulfates. 

(ii) Sulfonate type 
(C«-i6)-Alky1 benzene sulfonates; 
Salts of dialkyi sulfosuccinates; 
35 (C4-1 e)-Alkyl diphenyl ether sulfonates; and 

Alpha-(Cs-i 2)-oIefin sulfonates. 

(Hi) Phosphate type 
(CB-22)-Alkyl phosphates; 
Polyoxyalkylene (C8-22)-alkyl phosphates; and 
40 Polyoxyalkylene (C4-is)-alkyl phenyl ether phosphates, 

(iv) Carboxyiic acid type 
Potassium oleate; 

Potassium soap of partially hydrogenated beef tallow fatty acids; 
Sodium stearate; and 
45 Sodium soap of mixed fatty acids. 

Among those surface-active agents exemplified above are preferred the alkyl sulfates, polyoxyalkylene alky! 
ether sulfates, alkyl phosphates and polyoxyalkylene alkyl phosphates. 

A great variety of agricultural chemical compound may be used as the active ingredient (a) in the 
concentrated aqueous solution or slurry according to this invention. Thus, examples of suitable insecticides 
SO include the following: 

(i) Pyrethroids such as fenvalerate [a-cyano-3-phenoxyberi2yl 2-(4-chk>rophenyl)-3-methylvalerate] 
and btthroid [a-cyano-(4-fluoro-3-phenoxy)phenylmethyl 3-(2^-dichloroethenyl)-2,2-dimethylcyclopro- 
pane carboxylate]; 

(II) Organophosphorus compounds such as DDVP (2,2-dichlorovinyi dimethyl phosphate), Sumithion 
65 (dimethyl 4-nrtro-m-tolyl phosphorothionate), Malathion (S-II.2-bis (ethoxyrarbonyl)ethyOdimethylphos- 

phorothiolthionate). Dimethoate (dimethyl S-(N-methylcarbamoylmethyl)phosphorothiofthionate), Elsan 
(S-[o-(emoxycanbonyl)ben2yl]dimethylphosphorothiolthlonate) and Baycid (O.O-dimethyl-O-3-methyi- 
4-methylmercaptophenyI thiophosphate) , 
(ill) Carbamates such as Bassa (o-butylphenylmethyl carbamate), MTMC (m-tolyimethyl carbamate), 
60 Meobal (3,4-dimethylphenyi-N-methyl carbamate and NAC (l-naphthyl-N-methyl carbamate). 

(iv) Others such as Methomyl (methyl N-[(methylcarbamoyl) oxy] thioacetimide) and Cartap 
(l,3-bis(carbamoylthio)-2-(N,N-dlmethylamino)-propane hydrochloride). 
Examples of suitable acaricides or miticides may include Smite (2-[2-(p-tert-butylphenoxy) isopropoxy] 
isopropyl-2-chloroethylsulfide), Acricid (2,4-dinitro-6-sec-butylphenyldimethy»acrylate) 1 Chlormite (isopropyl- 
65 4,4-dichlorobenzilate), Akar (ethyl-4,4-dlchlorobenzllate), Keithane (l,l-bis(p-chlorophenyl)-2,2 l 2-trichIo- 
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roethanol), Cftrazon (ethyl o-benzoyl-3-chloro-2,8-<llmethoxybenzohydroximate), Plictran (tricyclohexyltin 
hydroxide) and Omite (2-(p-tert-butylphenoxy)-cyc!obexy1-2-propy!sulfrte). 

As examples of fungicides, there may be enumerated organo-sulfur compounds such as Dithane [zinc 
ethlenebis (dithiocarbamate)], Maneb [manganese ethylenebls (dlthiocarbamate)] and Thiram [bis(dimethyl- 
thlocarbamoyOdlsulfide] and various other compounds such as Benlate (methyl l-(butylcarbamoyl)-2-ben2l- 5 
midazolcarbamate), Dlfolantan (N-tetrachloroethytthio-4-cyclohexan-l,2-dlcarboxlmide), Daconil (tetrachloro- 
isophthalonitrile), Pansoil (5^thoxy-3-trichlorometnyH,2-4-tria.dizole), Thlophanate methyl p,2-bls(3-meth- 
oxycarbonyl-2-thloureldo)beraeneJ, Rabcide (4,5.6,7-tetrachlorophthalide); Kltazin-P (O,0-dlsopropyl- 
S-benzylphosphorothioate); Hlnosan (O-ethyl-S.S-dlphenyldtthlophosphate) and Probenazole (3-alloyloxy- 
1,2-benzo thiazoH.I-dioxide). 10 

As examples of herbicides, there may be mentioned Stam (3,4-dichloroproploaniiide), Saturn [S-(4-chlo- 
robenzyl)-N,N-dlethylthioi carbamate], Lasso [2-chloro-2' t 6'-diethyl-N-(methoxymethyi)aCetanillde], glypho- 
sate [N-(phosphonomethyl)glycine Isopropylamlne salt],DCMU C3-(3,4-dlchlorophenyl)-IJ-dimethylurea], Gra- 
moxone (IJ'-dimethyl-4,4'-dipyridinium dlchloride), gluphosinate [ammonium DL-homoalanin- 
4-yl(methyI)phosphinate] 1 ammonium L-homo-alanine-4-yl(methyt)phosphinate, and BiaJaphos [L-2-amino- 15 
4[(hydroxy)(methyl)phosphinoyl]butyry!-L-alanyl-L-alanlne or sodium salt thereof]. 

Examples of plant growth regulating agents may include MH (maleic hydrazide), Esrel (2-chloroethyl 
phosphonic acid) and the like. 

In cases where the granular composition of agricultural chemical compound to be produced by the process 
of this invention are in the form of wettable powder or fine granules, finely-divided water-insoluble solid vehicle 20 
comprising one or more powdery mineral materials as the additive (c) may optionally be incorporated into the 
aqueous concentrated solution or aqueous slurry containing the agricultural chemical compound, and the 
amount of said vehicle may be an amount of up to 6W0 by weight, preferably In a range of 2-5Wo by weight, > 
based on the wettable powder product. Exemplary of the powdery mineral materials used as the vehicle 
additive (c) are pyrophyllite, talc, silica, kaolin, calcium carbonate, bentonlte, powdered siliceous rock, 25 
powdered limestone, acid clay, powdery diatomaceous earth, gypsom, pumice powder, shell powder, mica 
powder, colloidal hydrated sodium silicate and the like. 

For the production of the granular composition in the form of a wettable powder, a dispersing agent may be 
added as the additive (c) to the aqueous concentrated solution or aqueous slurry as above-mentioned. The 
amount of such dispersing agent to be Incorporated may be up to 5Wo by weight, preferably in a range of 30 
4-40Wo by weight, based on the wettable powder product. 

The dispersing agent may serve to assist the collapse or disintegration of the granules to disperse Into 
water, and the formation of a stable dispersion in water, of the particles of said wettable powder product when 
the product is mixed with water. To this end, the dispersing agent to be used may be selected, typically from 
the following classes (IM3): 35 

(1) Water-soluble or water-dispersible polymers essentially consisting of one or more monomers selected from 
unsaturated carboxylic acids and their derivatives. 

Typical examples of monomers from which polymers (I) above are derived include unsaturated 
monocarboxylic acids such as acrylic and methacrylic acids; unsaturated dicarboxylic acids such as maleic 40 
acid; derivatives of unsaturated mono- and di-carboxylic acids, for example, alkyl esters (e.g. methyl ester), 
alkali metal salt (e.g. sodium salt), ammonium salt and organic amine salts (e.g. triethanolamine salt) of those 
acids and mixtures thereof. In addition to these monomers, comonomers such as vinyl acetate, isobutyrene, 
diisobutyrene and styrene may be added as copolymerizabie ingredient or ingredients. 

The polymerization or copolymerization of these monomers may be effected by any of known processes. 45 
The proportions of monomers to be used and the degree of polymerization to be achieved are not specially 
limited so far as the polymers formed are soluble or dispersible in water. 

As typical examples of polymers (!) above, there may be enumerated acrylic acid polymers, methacrylic acid 
polymers, acrylic and methacrylic acids copolymers, acrylic acid-methyl acrylate copolymers, acrylic acid-vinyl 
acetate copolymers, acrylic acid-maleic acid copolymers, maleic acid-isobutyrene copolymers, maleic 50 
acid-styrene copolymers and their salts with an alkali metal, ammonia and an organic amine. Mixtures of two or 
more of these polymers may also be used. 

(2) Water-soluble or water-dispersibie polymers essentially consisting of a styrene sulfonic acid salt as the 
monomeric units. 

Homopolymers of styrene sulfonic acid salts may easily be prepared by polymerizing a styrene sulfonic acid 
salt or by sulfonating polystyrenes. Homopolymers of styrene sulfonic acid salts have the following structure: 
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where M represents an alkali metal such as U, Na and K NhU, an aJkyl amine or an alkanol amine. The molecular 
weight of these homopolymers may generally be above 1000, preferably in a range of about 10,000-3,000,000. 

Polymers (2) above may also be copolymers of a styrene sulfonic acid salt with a comonomer or 
comonomers. Such polymers may be prepared easily by oopolymerizing a styrene sulfonic acid salt with a 

75 comonomer or comonomers or by sulfonating copolymers of styrene - a comonomer or comonomers in a 
known manner. As comonomers usabie for this purpose, there may be used a hydrophobic monomer such as 
an alky! aery late, an alkyl methacryiate, a vinyl alkyl ether, vinyl acetate, ethylene, propylene, butyrene, 
butadiene, diisobutyrene, vinyl chloride, vinylidene chloride, acVyionitrile and styrene; and a hydrophilic 
monomer such as acrylic acid, methacrylic acid, maleic acid, fumaric acid, maleic anhydride, vinyl alcohol, 

20 acrylamide, methacrylamide, diacetone acrylamide, N-vinylpyrroiidone, 2-acrylamido-2-methyipropane sul- 
fonic acid and methallyl sulfonic add. A preferred copolymer Is (meth)acryllc acid - styrene sulfonic acid 
copolymer salt. The molar ratio of (meth)acrylic acid to styrene sulfonic acid in the copolymer above is in the 
range of 1:10 to 10:1. preferably 1:3 to 7:1. The average molecular weight of said copolymer may generally be in the 
range of 1,000-1,000,000, preferably 10,000-700.000. Examples of salts of said copolymer include sodium, 

25 potassium, ammonium, diethanolamine, triethanolamine, monoisopropanolamine, diisopropanolamine, triiso- 
propanolamine and 2-^mlno-2-methylpropane-l,3-diol salts. These salts may be those incompletely 
neutralized, if desired, so long as they do not affect the performance of dispersing agent used. 

(3) Water-soluble formaldehyde condensates of sulfonated aromatic compounds, unsubstltuted or 
SO substituted with one or more hydrocarbon groups, and salts thereof. 

Particularly, formaldehyde condensates of petroleum sulfonic acid derivatives, lignin sulfonic acid 
derivatives, naphthalene sulfonic acid derivatives, alkylbenzene sulfonic acid derivatives and the like are 
exemplified. 

Formaldehyde condensates (3) above to be used as the dispersing agent according to this invention may be 
55 prepared, for example, by sulfonating e.g. naphthalene, alkyl-substituted benzene, alkyl-substituted 
naphthalene, anthracene, alkyl-substituted anthracene, lignin or aromatic-rich fraction of petroleum residuum 
in a conventional method, followed by salt-forming reaction of the sulfonated product and then by 
condensation reaction with formaldehyde. In the last-mentioned step, the degree of condensation is 
preferably 2-30 and more preferably 3-10. Where the condensation degree is less than 20. the effect brought 
40 about by such condensation is insignificant, whereas the condensation degree is higher than 30, the molecular 
weight of the resulting polymer becomes too high, with trouble or difficulty In practice possibly due to 
undesirable decrease In their water-solubility. 

A variety of aromatic compounds may be used for the preparation of the formaldehyde condensates (3) 
above, among which lignin, xylene, toluene, naphthalene, alkyinaphthalenes having 1-6 carbon atoms in the 
45 alkyl moiety and mixtures thereof may preferably be used. The salts of said formaldehyde condensates may 
include those of an alkali metal such as sodium and potassium, an alkaline earth metal such as calcium, 
ammonium and an amine. 

As the additive (c) to be optionally incorporated into the aqueous concentrated solution or aqueous slurry of 
an agricultural chemical compound to be sprayed according to the process of this Invention, one or more of 
50 the nonlonic surface-active agents of polyoxyalkyiene derivative type (d) may additionally be used for the 
purpose of further enhancing the useful biological activity of the agricultural chemicals intended. 

To this end, the proportion of such nonionic surface-active agent of polyoxyalkyiene derivative type (d) 
based on the agricultural chemical active ingredient (a), when expressed as weight ratio of (a):(d), may 
preferably be in a range of 1:0.1 to 1:20, more preferably in a range of 1:0.5-1:10. 
55 The relative proportions of the anionic surface-active agent (b) to the nonionic surface-active agent of 
polyoxyalkyiene derivative type, when expressed as weight ratio of (b):(d), may preferably be in a range of 
1:4-1:0.25, more preferably in a range of 1:3-1:0.33. 

illustrative examples of the nonionic surface-active agents of polyoxyalkyiene derivative type (d) are the 
following: 

Co (I) Polyoxyalkyiene (C8-22)-alkyl ethers: 

(2) Polyoxyalkyiene (C4-1 e) -alkyl aryl ethers ; 

(3) Polyoxyalkyiene aryl ethers: 

(4) Polyoxyalkyiene (C8-22)-alkyl esters; 

(5) Polyoxyalkyiene (C8-22)-alkylsorbitan esters ; 
65 (6) Polyoxyalkyiene (C8-22)-aikylsorbitol esters; 
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(7) Polyoxyalkylene (C8-22)-aIkytgfycerol esters; 

(8) Polyoxyalkylene block-polymers; 

(9) Polyoxyalkylene block-polymers alkylglycerol esters. 

In cases where the granular compositions of agricultural chemical compound are In the form of 
water-soluble solid granular formulations, namely a water-soluble granule, the additive (c) to be incorporated 5 
into an aqueous concentrated solution or slurry which is a starting material to be spray-dried may include 
water-soluble extender comprising one or more of water-soluble inorganic materials such as Glauber's salt, 
La. sodium sulfate decahydrate, ammonium sulfate, sodium chloride, etc. and water-soluble organic materials 
such as saccharide or sugars, urea, and the like. Besides, the additive (c) may further include any of those 
conventionally used as usual additives for the production of agricultural chemical formulations, with reference 10 
to the design and composition of the particular preparation intended, but on condition that the function and 
effect of this invention are not adversely affected. 

The total concentration of the ingredients (a) to (c), that Is, the total concentration of the active ingredient 
agricultural chemical compound (a), the anionic surface-active agent (b) and the optional additive (c) is usually 
in a range of 10-80% by weight, preferably In a range of 30-70% by weight, based on the aqueous concentrated is 
solution or aqueous slurry to be atomized as a spray in the process of this invention, the balance being water. 

The tower chamber used In the process of this invention acts as a spray-drying chamber where the 
concentrated aqueous solution or aqueous slurry to be spray-dried is injected through the spray nozzle 
thereinto and atomized therein. In general, the tower chamber used In the present process may be designed to 
have such a structure similar to those structures of conventional counter-current flow spray-drying towers as so 
liiustrated e.g. on page 17 and 75 of the above-mentioned literature "Chemical and Process Engineering Series, 
Spray Drying" by K. Masters. The tower chamber may preferably be arranged with Its central axis being 
vertical, but it is possible that the tower chamber is arranged with its central axis being Inclined more or less to 
the vertical line. The tower chamber may preferably have a horizontal cross-section which is circular or 
elliptical. However, the horizontal cross-section of the tower chamber may possibly have a square shape or a 25 
polygonal shape. The spray-drying tower chamber used in the present process may preferably have such 
construction that the upper part, the middle part and the lower part of the tower chamber are cylindrical, the 
top part of the tower chamber is conical and the bottom part of the tower chamber is in the form of inverted 
cone. The inlets for supply of the drying hot gas may be provided as a plurality of openings which are arranged 
at equal intervals in the circumferential wail of the lower part of the cylindrical body of the tower, and these 30 
openings are communicated with a duct for supply of the hot gas so that the hot gas as introduced into the 
tower chamber via the openings from said duct can be supplied at an equal or substantially equal rate into the 
tower chamber, it is convenient that the outlet for withdrawal of the gas leaving the tower chamber is located at 
the apex of the conical top part of the tower. The spray nozzle for atomization of the concentrated aqueous 
solution or slurry may be provided in an appropriate position in the top part or in the upper part of the tower 35 
chamber or in the vicinity of the top of the tower chamber. The dried granular product of the agricultural 
chemical composition which has been produced by the spray-drying process in the tower chamber may 
conveniently be discharged out from such outlet for removal of the dried granular product, which is provided at 
the apex of the inverted cone-shaped bottom of the tower chamber. 

In the process of this invention, the fine liquid droplets of the concentrated aqueous solution or aqueous 40 
slurry containing the agricultural chemical compound which have been formed by spraying out and atomizing 
said aqueous solution or aqueous slurry through the spray nozzle into the upper part of the tower chamber are 
allowed to fall down at a low speed within the continuous and upwards-flowing stream of the drying hot gas 
passing through the middle part and the upper part of the tower chamber, and during this slow falling down of 
the liquid droplets, these droplets are heated by the drying hot gas, so that a part of the water content is 45 
evaporated off from the liquid droplets and the outer surfaces of the droplets are dried and shrinked to form 
the liquid droplets having a decreased particle size, owing to that each liquid droplet has reduced its volume or 
dimensions by the amount of the water as evaporated off from the liquid droplet As the liquid droplets so 
partially dried and having the decreased particle size fall down further into a much lower part of the tower 
chamber, these liquid droplets are brought into contact with the stream of the drying hot gas having a much 50 
higher temperature than that of the drying hot gas stream which Is passing through the much upper part of the 
tower chamber, so that the liquid droplets can be heated much stronger in the much lower part of the tower 
chamber than in the much upper part of the tower chamber. During this time, further parts of the water content 
can be evaporated off out of the central region of each liquid droplet and a substantial hollow space Is formed 
in the central interior of each liquid droplet, and each droplet is then inflated or increased in its external volume 55 
due to the thermoplastic nature of the anionic surface-active agent present in the droplet as well as due to the 
accompanying thermal expansion of the body of the individual droplets. During the formation of the internal 
hollow space in each droplet and the inflation of the individual droplets, the liquid droplets can further be 
dehydrated, to form completely dried and non-sticky solid particles containing a substantially hollow space 
therein and having a particle size larger than that of the liquid droplet as initially formed just after the 60 
atomization of the concentrated aqueous solution or aqueous slurry containing the agricultural chemical. 

In the process of this invention, the liquid droplets or particles to be dried are resident in the 
upwards-flowing stream of the drying hot gas wtth continuing to fall down and floating within the stream of the 
drying hot gas. and the total residence time of these liquid droplets or particles falling in the drying gas stream 
is longer, as compared to the case when the liquid droplets are spray-dried according to the co-current flow 65 
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spray-drying method where the stream of the drying hot gas Is to be passed In the co-current flow direction, 
that is, in the same direction and sense as that of the falling down of the liquid droplet as atomized. 
Furthermore, In the present process, as the liquid droplet or particles to be dried are falling down further, they 
can be brought into contact with the drying hot gas having a much higher temperature. Then the thermoplastic 
5 nature of the anionic surface-active agent present in its high proportion in the material of the particles to be 
dried can be developed. Accordingly, further parts of the water content can readily be evaporated off out of the 
central interior of the individual liquid droplets or particles to be dried, so that a substantial hollow space is 
formed in each droplet or particle and the body of each droplet or particle is inflated or increased in its external 
volume. In consequence, the Inflated and completely dried solid particles so ultimately obtained have gained 

10 such structure that a hollow space or cavity is favorably formed In the interior of each dried particle. 

As the drying hot gas which is supplied into the spray-drying tower chamber in the process of this invention, 
may be used any Inactive gas such as air, nitrogen, carbon dioxide gas and the like. Hot combustion gases 
which are produced by combustion of various kinds of fuels such as gaseous hydrocarbons and liquid 
hydrocarbons may be used for the drying hot gas, too. 

15 The dried granular product which is produced by the spray-drying process and just having accumulated on 
and above the bottom of the tower chamber can be discharged out of the tower chamber either continuously 
or successively or batchwise, through the outlet for removal of the granule product which is provided in the 
bottom of the tower chamber. 
In the process of this invention, ft is important and necessary that the stream of the drying hot gas is caused 

20 to go on upwards substantially in the counter-current direction to the direction in which the sprayed liquid 
droplets of the concentrated aqueous solution or aqueous slurry of the agricultural chemical as Injected from 
and atomized by the spray nozzle are initially advancing from said spray nozzle. In other words, It is most 
important In this invention that the spray-drying step is conducted in accordance with the counter-current flow 
spray-drying method, in order to ensure that the dried granular product shows the desired shape and the 

25 desired properties as the granule-shaped composition of the agricultural chemical to be produced by the 
process of this invention. Besides, it is also Important that the requirements or conditions for the diameter of 
the outlet orifice of the spray nozzle, the spraying pressure as applied on the concentrated aqueous solution 
or aqueous slurry to be fed into the spray nozzle and measured at the back end orifice of the spray nozzle, the 
inlet temperature of the drying hot gas as supplied into the tower chamber and the outlet temperature of the 

30 leaving gas as withdrawn at the top of the tower chamber are fulfifed in their respective ranges stipulated in 
accordance with this invention. 

In the process of the invention, the diameter of the outlet orifice of the spray nozzle is necessarily In the 
range of 0.5 to 4.0 mm and may preferably be in a range of 0.6 to 3.8 mm. The spraying pressure (as measured 
at the back end orifice of the spray nozzle) is necessarily in the range of 5 to 250 Kg/cm 2 and may preferably be 

35 in a range of 6 to I80 Kg/cm 2 . The inlet temperature of the drying hot gas Is necessarily in the range of 150°C to 
300° C and may preferably be in a range of 170° C to 280° C. The outlet temperature of the leaving gas withdrawn 
from the tower chamber is necessarily in the range of 60° C to 120° C and may preferably be in a range of 70° C 
to 00°C. 

In the process of this invention, the atomization of the aqueous solution or slurry containing the agricultural 

40 chemical compound is effected by means of a spray nozzle under pressure. The particle size of the fine liquid 
droplets as formed by the atomization may vary depending on values of the diameter of the outlet orifice of the 
spray nozzle, the spraying pressure (namely, the pressure as applied on the aqueous solution or slurry and 
measured at such back end orifice of the spray nozzle at which the liquid to be atomized is fed into the nozzle) , 
the physical properties, especially the rheoiogical property of the aqueous solution or slurry, and other 

45 parameters, which are co-related with each other. Parameters of the details of the operation conditions as 
employed in the present process may be chosen and decided properly with reference to the dimensions 
(diameter and height) of the spray-drying tower chamber, the inlet temperature of the drying hot gas, the rate 
(volume/time) of supply of the drying hot gas. the velocity of the stream of the drying hot gas, the desired 
particle size of the granule product obtained, and other various factors. In general, the thermal efficiency of the 

50 spray-drying tower chamber may be improved as the inlet temperature of the drying hot gas supplied is higher 
and the outlet temperature of the leaving gas withdrawn is lower. However, in case the material to be 
spray-dried contains a thermally unstable compound, the Inlet temperature of the drying hot gas supplied must 
be lowered to such temperatures at which the thermal decomposition cannot take place. The outlet 
temperature of the leaving gas withdrawn from the tower chamber varies depending on the quantity of heat 

55 which has been losen by the evaporation of the water content during the spray-drying process. Thus, the 
outlet temperature of the leaving gas withdrawn can be reduced when the total amount of the water as 
evaporated off from the liquid droplets is increased, namely when the rate of spraying the aqueous solution or 
slurry out from the spray nozzle per unit time is increased. According to our extensive researches, it has been 
found that a combination of the inlet temperature of the drying hot gas in the range of 150-300° C and the outlet 

60 temperature of the leaving gas in the range of 60-120° C is able to give most favorable outcomes. The velocity of 
the upwards-flowing stream of the drying hot gas in the middle part of the tower chamber may suitably be in a 
range of 0.3m/sec. to 2m/sec. in the upward direction, but optimal value of the upwards-directed velocity of 
the drying hot gas stream is readily decidable through preliminary tests for particular cases. 
In the process of this invention, it is necessary that the residence time of the atomized liquid droplets and 

65 the dried granular particles falling down and floating within the upwards-flowing stream of the drying hot gas 
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passing and ascending through the tower chamber Is adjusted to such a value of total residence time which 
will enable that the granular particles, while being spray-dried, arrive at the bed or layer of the dried granular 
product accumulated on and above the bottom of the tower chamber only after they have been dried 
completely and become non-sticky. 

The process of this invention can advantageously be operated in a continuous manner and Is highly efficient 
in producing the dried granular product from the concentrated aqueous solution or aqueous slurry of the 
agricultural chemical compound in a commercial scale. The granule-shaped composition of the agricultural 
chemical compound as produced by the process of this invention is In the form of granules having an average 
particle size of 0.2 mm to 1.2 mm. and having no or little tendency to drift In air. 

The granule-shaped composition of the agricultural chemical compound as produced by the process of this 
invention shows good free-flowing property, high storage stability, no or little tendency to drift, excellent 
solubility in water, excellent wettability and excellent collapsibilhy to disperse into water. Therefore, the 
granule-shaped composition of the agricultural chemical compound as produced according to this invention Is 
well suited for use as wettable powder or water-soluble granules in practice. In contrast, when the 
concentrated aqueous solution or aqueous slurry containing the agricultural chemical compound and a high 
proportion of the anionic surface-active agent therein is spray-dried not in accordance with this Invention by 
passage of the atomized liquid droplets In a co-current flow direction to the drying hot gas In the spray-drying 
tower chamber as employed in this invention, the dried granular product having the satisfactory properties 
cannot be obtained. 

This invention is now illustrated with reference to the following Examples and Tests. 

[A] At first, the illustrative formulations of the concentrated aqueous solution or aqueous slurry containing an 
agricultural chemical compound to be spray-dried are described below. 

Formulation Example I of Slurry 
A uniform slurry was prepared by mixing the following components :- 
3-(3,4-dichlorophenyl)-l,l-dimethylurea 40 parts by weight 
Sodium laurylphosphate 30 parts by weight 
Sodium ligninsulfonate 2 parts by weight 
Clay 28 parts by weight 

with 100 parts by weight of water, and agitating well the resulting mixture to effect the dissolution and 
dispersion of the components in water. 

Formulation Example 2 of Slurry 

A slurry (substantially In the state of an aqueous solution) was prepared by dissolving the following 
components: 

N-(phosphonomethyl) glycine isopropylamine salt 30 parts by weight 
Sodium polyoxyethylene (4) laurylsulfate 30 parts by weight 
Sodium sulfate decahydrate 40 parts by weight 
In 80 parts by weight of water. 

Formulation Example 3 of Slurry 

A slurry (substantially In the state of an aqueous solution) was prepared by dissolving the following 
components: 

l f r-dimethyi-4 f 4'-dipyridinium dichlorlde ("paraquat") 30 parts by weight 
Sodium polyoxyethylene (10) lauryi phosphate 30 parts by weight 
Sodium sulfate decahydrate 40 parts by weight 
in 70 parts by weight of water. 

Formulation Example 4 of Slurry 
A slurry was prepared by dissolving the following components: 

2-chIoroethyiphosphonic acid 20 parts by weight 

Sodium dodecylbenzene sulfonate 40 parts by weight 

Sodium sulfate decahydrate 40 parts by weight 
hi 50 parts by weight of water. 

Formulation Example 5 of Slurry 
A uniform slurry was prepared by mixing the following components: 

L-2-amino-4-[(hydroxy) (methyl) phosphinoylJbutyryl-L-alanyi-L-alanine sodium salt 20 parts by 
weight 

Sodium laurylsulfate 20 parts by weight 
Polyoxyethylene(lO) lauryi ether 20 parts by weight 
Ammonium sulfate 40 parts by weight 
with 100 parts by weight of water and dissolving the components in water. 
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Formulation Example 6 of Slurry 
A slurry was prepared by dissolving the following components: 
Zinc ethylene bis-dlthiocarbamate 50 parts by weight 
Sodium di-octylsulfosuccinate 30 parts by weight 
5 A polymer (molecular weight: 20,000) of sodium styrene-sutfonate 2 parts by weight 

Bentonlte 18 parts by weight 
In 70 parts by weight of water. 

Formulation Example 7 of Slurry 
10 A slurry was prepared by dissolving the following components: 
Sumithion 20 parts by weight 
Potassium oleate 20 parts by weight 
Po!yoxyethy!ene(20) oleyi ether 10 parts by weight 
Clay 47 parts by weight 

15 A copolymer (molecular weight: 30,000) of sodium styrene-sulfonate and styrene (l:l) 3 parts by 

weight 

in I20 parts by weight of water. 

Formulation Example 8 of Slurry 
20 A slurry was prepared by dissolving the following components: 

L-2-amino-4-[(hydroxy) (methyl) phosph!noyi]-butyryI-L-aianyt-L-elanine sodium salt 12 parts by 
weight 

DCMU 18 parts by weight 

Sodium polyoxyethylene(3) octytphenyf ether sulfate 25 parts by weight 
25 Sodium aikylnaphthalenesulfonates I part by weight 

Sodium sulfate decahydrate 44 parts by weight 
in 90 parts by weight of water. 

Formulation Example 9 of Slurry 
30 A slurry was prepared by dissolving the following components: 

Ammonium DL-homo-alanine-4-yl(methyl)phosphinate 18.5 parts by weight 
Ammonium poiyoxyethylene(IO) nonyiphenyiether sulfate 25.0 parts by weight 
Sodium sulfate decahydrate 56.5 parts by weight 
in 100 parts by weight of water. 
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Formulation Example 10 of Slurry 
A slurry was prepared by dissolving the following components: 

Ammonium L-homo-alanine-4-yi (methyt)phosphlnate (a herbicldal compound of the formula: 9.5 
parts by weight 

3 | 2 2 | 

OH • NH 3 NH 2 

Ammonium polyoxyethylene(IO) nonylphenyl ether sulfate 25.0 parts by weight Sodium sulfate 
decahydrate 65.5 parts by weight 
into KX) parts by weight of water. 



Comparative Formulation Example I of Slurry 
A uniform slurry was prepared by mixing the following components: 
3-(3,4^1(*loroprtenyl)^jKiImethylurea 40 parts by weight 
Sodium ligninsutfonate (as dispersing agent) 2 parts by weight 
55 Clay 58 parts by weight 

with 100 parts by weight of water and agitating the resulting mixture to effect the dispersion or dissolution of 
the components in water. 

The "comparative" slurry obtained did not contain the anionic surface-active agent (not in accordance with 
this invention). 



Comparative Formulation Example 2 of Slurry 
A slurry was prepared by dissolving the following components: 

I,l'-dimethyl-4,4'-dipyridium dichloride ("paraquat") 30 parts by weight 

Sodium sulfate decahydrate 70 parts by weight 
in 70 parts by weight of water. 
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This "comparative* slurry so obtained did not contain any surface-active agent (not in accordance with this 
invention). 

[B] The slurries of different formulations prepared according to the procedures of Item [A] above were each 
spray-dried to produce the granular composition of the agricultural chemical compound. 5 

The experiments of spray-drying these slurries were conducted in a spray-drying tower chamber (with a 
height of 16 m and an inner diameter of 4.5 m) fitted with a spray nozzle arranged in the upper part of the tower 
chamber, by spraying the siurry downwards through the spray nozzle to atomize the slurry, in some 
experiments, the spray-drying step of the slurries was effected according to the counter-current flow 
spray-drying method where the drying hot air was fed from the inlets for the air provided in the lower part of the 10. 
tower chamber to form a continuous, upwards-flowing stream of hot air. While, In another experiments, the 
spray-drying step of the slurries was effected according to the co-current flow spray-drying method where the 
drying hot air was fed from the inlets for the air provided in the upper part of the tower chamber to form a 
continuous, downwards-flowing stream of hot air In the co-current direction, namely in the same sense as the 
direction in which the slurry was sprayed out downwards from the spray nozzle. In all these experiments, the 75 
values of the spraying pressure measured at the back end orifice of the spray nozzle, the inner diameter of the 
outlet orifice of the spray nozzle, the inlet temperature of the drying hot air supplied, and the outlet 
temperature of the exhaust air withdrawn from the tower were changed case-by-case so as to fall within the 
their respective ranges as numerically stipulated In accordance with this invention or to go beyond their 
respective ranges as numerically stipulated by this Invention. Besides, the spray-drying technique employed 20 
was also changed from the counter-current flow spray-drying method to the co-current flow spray-drying 
method, or vice versa, as Indicated below In the following Test Examples and Comparative Test Examples of 
operation of the spray-drying process. 

Operation Test Example I (within the scope of this invention) 25 

The test was made according to the counter-current flow spray-drying method wtth a spraying pressure of 10 
Kg/cm 2 , a spray nozzle outlet orifice diameter of I.6 mm, an inlet temperature of the drying hot air of 200° C, and 
an outlet temperature of the withdrawn exhaust gas of 80° C. 

Operation Test Example 2 (within the scope of this invention) 30 

The test was made according to the counter-current flow spray-drying method with a spraying pressure of 
I00 Kg/cm 2 , a spray nozzle outlet orifice diameter of 2.8 mm, an inlet temperature of the drying hot air of 280° C 
and an outlet temperature of the withdrawn exhaust gas of 120° C. 

Comparative Operation Test Example I (outside the scope of this invention) 35 

The test was made according to the counter-current flow spray-drying method with a spraying pressure of 
100 Kg/cm 2 , a spray nozzle outlet orifice diameter of 02 mm (not in accordance with this Invention), an inlet 
temperature of the drying hot air of 140° C (not in accordance with this invention), and an outlet temperature of 
the withdrawn exhaust gas of 50 C C (not in accordance with this invention). 

40 

Comparative Operation Test Example 2 (outside the scope of this invention) 

The test was made according to the counter-current flow spray-drying method with a spraying pressure of 10 
Kg/cm 2 , a spray nozzle outlet orifice diameter of 4.2 mm (not in accordance with this invention), an Inlet 
temperature of the drying hot air of 280°C, and an outlet temperature of the withdrawn exhaust gas of I60°C 
(not in accordance with this invention). 45 

Comparative Operation Test Example 3 (outside the scope of this invention) 

The test was made according to the co-current flow spray-drying method (not in accordance with this 
invention) with a spraying pressure of 15 Kg/cm 2 , a spray nozzle outlet orifice diameter of 1.2 mm, an inlet 
temperature of the drying hot air of 220° C, and an outlet temperature of the withdrawn exhaust gas of 100° C. so 

Comparative Operation Test Example 4 (outside the scope of this invention) 

The test was done according to the co-current flow spray-drying method (not in accordance with this 
invention) with a spraying pressure of 100 Kg/cm 2 a spray nozzle outlet orifice diameter of 3.0 mm, an Inlet 
temperature of the drying hot air of 280° C and an outlet temperature of the withdrawn exhaust gas of 110° C. 55 

Comparative Operation Test Example 5 (outside the scope of this invention) 

The test was done according to the co-current flow spray-drying method (not in accordance with this 
invention) with a spraying pressure of I Kg/cm 2 a spray nozzle outlet orifice diameter of 0.3 mm, an inlet 
temperature of the drying hot air of 100° C and an outlet temperature of the withdrawn exhaust gas of 50° C. 60 

[C] The undermentioned properties of the granular formulations of the agricultural chemical compound as 
produced in the above Operation Test Examples were examined and evaluated by the following Test 
Procedures No. I to No. 4. 
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Test Procedure No. 1 (for evaluation of wettability) 

A 0.5 g portion of the particulate or granular formulation of the agricultural chemical compound as produced 
in the above Operation Test Examples was dropped from a height of K) cm into a pool of 100 ml of a hard water 
(with a hardness of 3°) at 20°C which had been placed in a wide-mouthed flask of 300 mi-capacity. The 
5 wettability of the granules was evaluated in term of the determined time (tn seconds) lapsed between the 
arrival of the granules at the water level and the sinking of the granules below the water lave! of the pool. 

Test Procedure No. 2 (for evaluation of collapsibility) 
A 0.5 g portion of the particulate or granular formulation of the agricultural chemical compound as produced 
10 was charged Into a capped cylindrical flask containing KX) ml of water (with a hardness of 3° ; at 20°C). The 
flask was then repeatedly inverted upside-down until the granules had been dispersed or dissolved in the 
water phase. The collapsibility of the granules was evaluated in term of the measured number of times or the 
frequency of repeated inversion of the flask as required for complete dissolution or dispersion of the granules. 

15 Evaluation Index 

A: Granules collapsed or disintegrated and were dispersed and dissolved in water immediately after the 
granules were charged Into the flask. 

B: Granules collapsed or disintegrated and were dispersed and dissolved in water before five or less 
times of the inversion of the flask after the granules were charged into the flask. 
20 C: Granules collapsed or disintegrated and were dispersed and dissolved in water before ten or less 

times of the invention of the flask after the charging of granules. 

D: Granules collapsed or disintegrated and were dispersed and dissolved in water after more than ten 
times of the inversion of the flask after the charging of the granules. 

25 Test Procedure No. 3 (for evaluation of the distribution of particle size) 

The particulate or granular formulations of the agricultural chemical compound as produced were analyzed 
by an automatic analyzer of determining the particle size distribution of granules, to assess the distribution of 
the particle size of the granules. 

30 Assessment Index 

A: At least 70% of the granules showed a particle size of 150 urn or larger. 

B : A portion of 69 to SOWo of the granules showed a particle size of 150 urn or larger. 

C: A portion of 49 to 30% of the granules showed a particle size of 150 um or larger. 

D : A portion of 29 to KWo of the granules showed a particle size of 150 urn or larger. 
35 E: A portion of 9% or less of the granules showed a particle size of 150 um or larger. 

Test Procedure No. 4 (for evaluation of driftness) 

index of driftness of the granular formulations as produced was evaluated by the following procedure. Thus, 
a standard test machine of scattering powder was used so that 10 g portion of the particulate or granular 

40 formulations as produced was scattered downwards into a box of I m 3 in size through a scattering pipe which 
is provided in said box. Five minutes later, such a volume of air containing dust particles which were still 
drifting and floating at the position of 40 cm distant from and above said scattering pipe was sucked at a speed 
of 30 litres/minutes for I minute into a suction pipe (with an inner diameter of 27 mm and a height of 20 cm) 
containing 75 ml of water therein, so that the dust particles were collected together and caught by the water 

45 layer in the suction pipe. Then, the percentage of light transmission at a wave length of 610 nm of the water 
layer containing the dust particles collected was measured. The calculated value of an equation (100 - the 
measured percentage of light transmission) was taken as the index of driftness. The less this calculate value, it 
means that the amount of the drifting dust Is less, namely the driftness is favorably low. 

SO [D] The results of the above tests are summarized in the following Tables. 
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With reference to Tables K3 above, the symbol "A*" (that is, the symbol A with asterisk *) as given in the 
column of the Test Procedure No. 3 (Index tor particle size distribution) means that all the granular samples 
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obtained by the tested spray-<Jfytng process were not in the form of particles having the satisfactory 
properties suitable as a wettable powder or water-soluble granules to be applied in practice, but all of them 
were In the form of coarse and sticky particles containing a pasty and non-dried core in the interior of each 
particle. 



Claims 

1. A process for the production of a granule-shaped composition including an agricultural chemical w 
compound characterised by drying in a reactor a concentrated aqueous solution or an aqueous slurry, 
including the agricultural chemical compound as an active ingredient at least one anionic surface-active 
agent and, optionally, one or more additives depending on the form or type of composition to be 
produced, the weight ratio of agricultural chemical compound to anionic surface-active agent being In the 
range 1:0.5 to 1:20, the anionic surface-active agent being a sulphate type, sulphonate type, phosphate 15 
type or a carboxyllc acid type, the drying being effected by spraying Into an upper part or top of the 
reactor at a pressure of between 5 kg/cm 2 and ^0 kg/cm 2 the concentrated aqueous solution or 
aqueous slurry through spraying means having an outlet orifice with a diameter In the range of 0.4 mm to 

2.0 mm into an upward and continuously-flowing gas stream whose temperature at Its inlet is in the range 
I50°C to 300°C the gas stream being continuously withdrawn from the upper part or top of the reactor 20 
and, by controlling the rate of supply of gas and the rate of spraying of solution or slurry the gas 
temperature is in the range 60° C to I20°C at Its coolest portion, so that dried, non-sticky solid particles 
are formed having a substantially hollow interior, the particles comprising the agricultural chemical 
compound, at least one of the anionic surface-active agents and, optionally, one or more additives, and 
said particles are removed from the reactor. 25 

2. A process as claimed in claim i wherein the agricultural chemical compound has a biological activity 
useful as an Insecticide, fungicide, bactericide, herbicide, acaricide, plant growth regulator, Insect 
attractant and/or seed disinfectant 

3. A process as claimed in claim I or 2 wherein the surface-active agent is an alkyl sulphate, a 
polyoxyalkylene alkyl ether sulphate, an alkyl phosphate or a polyoxyalkylene alkyl phosphate. 30 

4. A process as claimed In any one of claims I, 2 or 3 wherein the additive includes a water-soluble 
extender and/or a finally divided water-insoluble solid vehicle. 

5. A process as claimed in any one of claims 1, 2 or 3 wherein the additive includes a dispersing agent 
and/or a nonionic surface-active agent. 

6. A process as claimed in any one of claims I, to 4 wherein the agricultural chemical compound is at a 35 
concentration of between ICWo and GQOfo by weight, the anionic surface-active agent is at a concentration 

of between 5<Vb and 6QWo by weight and the additive Is at a concentration of between 2% and 60% by 
weight.and the total concentration of the agricultural chemical compound, anionic surface-active agent 
and additive is between lOQfo and 60% by weight. 

7. A process as claimed in any one of the previous claims wherein the particles produced by the 40 
process are substantially spherical granules having an average size of between 0.2 mm arid \2 mm. 

8. A process as claimed in any one of the preceding claims wherein the reactor is a tower chamber. 

9. A process as claimed in claim 9 wherein the tower chamber is fitted with inlets positioned in a lower 
part of the tower chamber for supply of said gas stream and fitted with an outlet for removaJ of the dried 
particles. 45 . 

10. A process for the production of a granule-shaped composition comprising an agricultural chemical 
compound and an effective amount of at least one anionic surface-active agent to enhance the biological 
. activity of the agricultural chemical compound, said granule-shaped composition having high free-flowing 
property, favorable cohesiveness, favorable collapsibility and favorable solubility or disperslbllrty in water 
and low tendency to drift in air characterised by (i) spray-drying a concentrated aqueous solution or an 50 
aqueous slurry containing (a) the agricultural chemical compound as an active Ingredient of the 
granule-shaped composition to be produced, (b) one or more anionic surface-active agents of the sulfate 
type, the sulfonate type, the phosphate type or the carboxylic acid type, and (c) one or more optional 
additives or vehicles which may, if desired, be incorporated Into the composition optionally depending on 
the form or type of the composition to be produced; and containing said agricultural chemical compound 55 
as the active ingredient and said anionic surface-active agent in the aqueous solution or slurry at a ratio of 
the amount of (a) the agricultural chemical compound to the amount of (b) the anionic surface-active 
agent in a range of 1:0.5 to 120 by weight, according to a counter-current flow spray-drying method, in a 
tower chamber fitted with inlets for supply of a hot gas positioned in the lower part of the tower chamber, 
fitted with outlets for effecting withdrawal of the gas leaving the tower chamber and positioned In the 60 
upper part or in the top of the tower chamber, fitted with a spray nozzle having an outlet orifice of 0.5 - 4.0 
mm in diameter, for spraying a liquid fluid into the tower chamber and positioned in the upper part or in the 
top of the tower chamber and also fitted with an outlet positioned in the bottom of the tower chamber and 
for removal of the dried granule product having fallen through the middle part and the lower part of said 
tower chamber and having accumulated on and above the bottom of said tower chamber, wherein the 65 
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counter-current flow spray-drying step of said aqueous solution or slurry is conducted in such manner 
that a hot gas is continuously passed Into the tower chamber through said inlets for supply of the hot gas, 
to fomi a continuous and upwards-flowing stream of the hot gas in the middle part and the upper part of 
the tower chamber, while the gas stream is continuously withdrawn out of the tower chamber through 
said outlets for withdrawal of the gas at the upper part or the top of the tower chamber, and that the 
concentrated aqueous solution or slurry to be spray-dried Is fed Into said spray nozzle in the tower 
chamber and continuously atomized by being sprayed out through the outlet orifice of the spray nozzle 
downwards into the upwards-flowing stream of the hot gas in the upper part of the tower chamber, under 
a spraying pressure of 5 to 250 Kg/cm 2 as measured at the back end orifice of the spray nozzle at which 
the concentrated aqueous solution or slurry is passed into the nozzle, whereby numerous fine liquid 
droplets of said aqueous solution or slurry as atomized are formed within the upwards-flowing hot gas 
stream; and in such manner that the fine liquid droplets so formed are allowed to fall down at low speed 
within the upwards-flowing stream of the hot gas as continuously ascending through the tower chamber, 
and thus the falling fine liquid droplets are each heated by the upwards-flowing hot gas to evaporate a part 
of the water content off out of the liquid droplets and to form the liquid droplets of which the outer 
surfaces have been dried and shrinked and of which the particle size has been decreased less than the 
initial particle size of the liquid droplets just after the atomlzatlon, and also In such manner that the liquid 
droplets having the so dried and shrinked surfaces are further allowed to continue to fail down within the 
upwards-flowing stream of the hot gas and to be further heated and undergo further evaporation of the 
water content out of the falling liquid droplets, until an Interior hollow space Is formed in each of the falling 
droplets and the failing droplets have all been dried completely to form such inflated, dried and non-sticky 
solid granules each having an interior hollow space and having a particle size larger than that of the liquid 
droplets as initially atomized, while such Inflated and dried soDd granules so formed fall down further 
within the upwards-flowing stream of the hot gas; and wherein the counter-current flow spray-drying step 
of said aqueous solution or slurry is conducted under such conditions that the inlet temperature of the 
supplied hot gas as measured at the inlet orifice for supply of the hot gas into the lower part of the tower 
chamber is kept in a range of 150° C to 300° C and that the rate of the supply of the hot gas from the inlet for 
supply of the hot gas into the tower chamber and the rate of the spraying of the aqueous solution or slurry 
from the spray nozzle ere so controlled mutually with each other that the outlet temperature of the leaving 
gas as withdrawn from the upper part or the top of the tower chamber is kept in a range of 60° C to 120° C, 
and (ii) allowing the resulting dried and non-sticky solid granules to come towards the bottom of the tower 
chamber and accumulate on and above the bottom of the tower chamber, and (iii) discharging the so 
accumulated and dried solid granules composed of the agricultural chemical compound, the anionic 
surface-active agent and the optional additive or vehicle, through said outlet for removal of the dried 
granule product at the bottom of the tower chamber. 
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